BACKGROUND: Heart rate variability (HRV) declines after coronary artery bypass grafting (CABG). The purpose of this study was to evaluate the effect of low-volume high-intensity interval training (LV-HIIT) and moderate-intensity continuous training (MICT) on HRV as well as, hemodynamic and echocardiography indices.
Introduction
Cardiovascular disease (CVD) is one of the major causes of death in the world. 1 Patients with coronary artery disease (CAD) are at risk for lifethreatening arrhythmias and sudden death. In patients with CAD, alterations in cardiac autonomic control, that are characterized by relative increase in sympathetic activity and decline of vagal modulation, play a major role in the occurrence of arrhythmic events. 2, 3 The variation of the time intervals between consecutive heartbeats or the instantaneous heart rates is called heart rate variability (HRV). HRV is a non-invasive method for assessing autonomic activity and providing information about heart's ability to respond to the normal regulatory impulses, vagal modulation, and sympathovagal interactions. 4 Cardiac autonomic dysfunction, as evidenced by low HRV, has strong detrimental effects on subsequent clinical outcome in patients with CAD. 5 Low HRV is associated with all-cause mortality and increased risk of sudden cardiac death after myocardial infarction (MI). 3, 5 Some studies indicate that HRV significantly decreases in patients after coronary artery bypass grafting (CABG) surgery, a condition that is even riskier than that of patients with MI. 6 Cardiac autonomic nerves are permanently damaged after CABG surgery, leading to impairment of cardiac parasympathetic modulation. 7 In contrast, many studies have demonstrated that exercise training has numerous benefits, including improvements in cardiorespiratory fitness, exercise capacity, cardiovascular risk factors, and endothelial function. [8] [9] [10] Aerobic exercise training is a well-established means of improving autonomic function (through enhancing vagal, and reducing sympathetic cardiac modulation) in patients with MI, heart failure, and CABG. [11] [12] [13] Murad et al. reported significantly greater increase in root mean square successive difference (RMSSD) of R-R interval and standard deviation of R-R interval (SDRR) in elderly patients with congestive heart failure (CHF) after 16-weeks of moderate intensity training, which represented improved HRV induced-exercise training. 14 Another study reported that low-intensity exercise has a minimal adaptive effect on cardiac parasympathetic modulation after CABG surgery. 15 These findings suggest that exercise rehabilitation program may be used to improve HRV in CVD. However, the optimal dose of exercise, defined as the volume and intensity of exercise for improvement in cardiac autonomic regulation, is a crucial issue that is not fully understood. 16, 17 Aerobic exercise training is the cornerstone of exercise training programs which beneficial effects of aerobic exercise training in cardiac autonomic regulation as well as, physiological and clinical parameters in patients with CVD is known. 18 Recent studies have indicated that high-intensity interval training (HIIT) has a superior effect on exercise capacity, endothelial function, and quality of life than moderate-intensity continuous training (MICT) in healthy subjects and patients with CHF/CAD. [19] [20] [21] HIIT consists of alternating periods of high-intensity exercise involving 30-300-second bouts of aerobic exercise at 85-100 percent of maximum rate of oxygen consumption (VO2max) that are separated with periods of low-intensity exercise of equal or shorter duration, to allow patients to allocate greater time to high-intensity rather than continuous exercise. 22 It has been shown that a single session of HIIT improves cardiac autonomic function in healthy trained and non-trained people, as well as patients with CHF. 22, 23 Various HIIT protocols (with difference in intensity, stage duration, nature of the recovery, and number of intervals) may have different impacts on patients with CAD. The parameters of HIIT, including work/recovery intensity and interval duration, are important factors in training effectiveness, because manipulating these parameters alters time of exercise at a high percentage of VO2peak. 19 Existing studies have demonstrated that both long-and short-duration HIIT protocols are safe, and have beneficial effects on cardiopulmonary fitness in patients with CAD and CHF. 21, 24, 25 The mechanisms of the HIIT affecting HRV in patients with CABG are not completely clear so far. Nonetheless, there is little evidence about the effect of exercise intensity on HRV, and hemodynamic and echocardiography indices in the patients after CABG.
In the present study, we hypothesized that lowvolume high-intensity interval training (LV-HIIT) may improve HRV in patients with CABG even more than MICT. To test our hypothesis, we assessed 24-hour HRV, as well as hemodynamic and echocardiography indices in patients after CABG.
Materials and Methods
Participants were recruited from cardiovascular rehabilitation center of Baqiyatallah hospital in Tehran, Iran, in January-March 2016. At the beginning of the study, 200 post-CABG men were enrolled by responsible supervisor and researchers in the rehabilitation center. Inclusion criteria were as aging 50-70 years, being male, in sinus rhythm, and having CABG surgery during past 6 weeks. Furthermore, they should have left ventricular ejection fraction (LVEF) ≥ 40% measured at least 6 weeks after the surgery. The subjects were excluded if they had peripheral vascular disease, ventricular premature beats or other arrhythmias, conduction defects, history of pacemaker insertion, significant valvular heart disease, arterial blood pressure (BP) > 180/100 mmHg, or functional limitations (such as osteoarthritis). The subjects were randomly assigned to one of the three groups of LV-HIIT (n = 14), MICT (n = 14) and control (CTL) (n = 14). Randomization was done by block randomization with the block size of 4 (Figure 1 ). Written informed consent was obtained from all subjects before participation in the study. The present study protocol was approved by the Ethic Committee of Baqiyatallah University of Medical Sciences, was conducted according to the Helsinki Declaration, and is registered at Iranian Registry of Clinical Trials (IRCT20150701223002N1).
This study investigated the effect of interval exercise training and continuous exercise training on HRV in post-CABG men. Maximal heart rate (HRmax), resting heart rate (HRrest), resting diastolic BP (DBP), resting systolic BP (SBP), LVEF, endsystolic and diastolic volumes (ESV and EDV, respectively), and ambulatory HRV were measured at the beginning and end of the six-week exercise training. Resting BP and HRrest were measured in supine position, at the beginning and at the end of study before starting exercise, using digital Sphygmomanometer (Beurer GmbH, Soflinger Str.218, D-89077 Ulm, BM 75; Germany). Participants' height and weight were measured using a stadiometer (GMP, Switzerland) and digital, medical scale (Radwage WPT 100/200, Poland), respectively, while subjects were wearing light clothes and had taken off their shoes. Body mass index (BMI) was calculated through dividing weight by square root of height (kg/m 2 ). Echocardiograms were checked for checking the existence of arrhythmias. After measurement of variables at the baseline, participants were informed about the exercise protocols in an orientations session. To minimize risks of exercise, protocols were performed under the supervision of a cardiologist. Moreover, patients were requested to report any problems and complications, such as chest pain and breathlessness, during exercise.
All subjects were asked to refrain from strenuous physical activities, and the consumption of caffeine and tobacco for 24 hours before exercise test. Subjects' last meal was ingested at least 2 hours before the beginning of the exercise. The exercise test was performed on ergometer (3G cardio Elite Runner, Phoenix, AZ, USA) with a 12-lead continuous electrocardiography (ECG) monitoring in a room with controlled temperature (24 to 26 °C) between 9:00-17:00. One week before the exercise test, all participants underwent a similar exercise test that consisted of short duration and low intensity in order to get them familiarized with the testing procedures. The workload of incremental cycle exercise test was initially set at 30 watts, for 2 minutes, and power output increased every 1 minute by 10 watts until the subjects could not continue and maintained on a fixed pedaling frequency of 40 rpm. HRrest was measured as the mean of the 30 seconds of the resting period in the supine position. HRmax was also computed during the last 30 seconds of exercise test before exhaustion.
All subjects performed the exercise training program three times a week for 6 weeks (between 09:00-11:00). Exercise training was monitored by an exercise physiologist. A polar S810 HR monitor was connected to patients for measuring beat-to-beat HR during exercise. Each exercise training session consisted of 5 minutes of warm-up that included walking, running, and stretching movements up to 40% of HRmax. MICT session training consisted of 40 min running on a treadmill (Technogym, Italy) at 70% HRmax. Each LV-HIIT session followed by 10 intervals of 2 minutes at 85-95 percent of HRmax, and separated by 2 minutes at 50% of HRmax. The training session ended by a cool-down period that was 5 minutes at 40% of HRmax. Exercise intensity was determined based on workload reaching during the exercise test. The cardiovascular workloads of the two programs were calculated to promote the same workload. MICT included 40 minutes at 70% of HRmax on the treadmill. LV-HIIT resulted in a mean workload of 70% HRmax [(10 × 2 × 90%) + (10 × 2 × 50%)]/40, (Repeated interval × time of exercise × percent of HRmax in high-intensity periods + repeated interval × time of exercise × percent of HRmax in lowintensity periods/total time of exercise).
The treadmill velocity was continually adjusted as along as training adaptions occurred, a move to ensure that every training session was carried out at the desired HRmax throughout the 6-weeks training period. The control group subjects were encouraged to maintain their daily activities without exercise training during the 6-weeks period. Additionally, subjects in three groups were advised to follow their normal food intake pattern during the intervention.
24-hour ECG monitoring was performed at the baseline and 48 hours after the end of last sessions. Ambulatory ECG recordings were obtained from a 3-channel Medilog Digital Holter recorder FD3, Oxford, with 1024 Hz sampling rate. HRV was analyzed by computer and a commercial system (Oxford Instruments, with Excel ECG Replay System-Rel 8.5). The MT-210 Analysis Software Version 1.0.0 (Schiller) was used to analyze SDRR, RMSSD, low-frequency power (LF), high-frequency power (HF), and the LV/HF ratio. Subjects were requested to maintain their normal daily activities, and to avoid caffeine, smoking, and walking/running during the recording. An experienced technician who was blinded to subjects' information analyzed the recordings. All HRV variables were measured. If the variables were recorded for less than 20 hour, the subject was excluded from the study. 4 M-mode, Doppler, and two-dimension echocardiography were performed at baseline and end of the study using a GE Vivid 3 device, and a 3 MHz phased-array transducer, respectively, by a single experienced cardiologist who was blinded to patients groups. The measurements of the echocardiography included left ventricular end diastolic dimension (LVEDD), left ventricular endsystolic dimension (LVESD), EDV, ESV, EF, LVEF was calculated based on the following formula: (LVEDD 2 -LVESD 2 )/LVEDD 2 measured in the left lateral decubitus according to the guidelines of the American Society of Echocardiography. 26 Data were analyzed using the SPSS statistical software (version 16.0; SPSS Inc., Chicago, IL, USA), and the continues and categorical variables were reported by mean ± standard deviation (SD) and absolute number (percent) respectively. The Shapiro-Wilk test was used for evaluating normality of distribution. Moreover, chi-square was conducted for analyzing categorical variables. Oneway ANOVA was further carried out in order to assess the difference between groups with regard to clinical characteristics of subjects at baseline and heart changes variables in three groups. To compare the changes in all research variables in three groups (CTL, LV-HIIT, and MICT), the differences between values before and after exercise in each groups were calculated and compared by using the one-way ANOVA. Moreover, Bonferroni and Games-Howell tests were used as a post-hoc to determine differences between groups, respectively. Paired t-test was used for evaluating the difference of variables between pre and post. The level of significance in all statistical analyses was set at P < 0.050.
Results
Subject characteristics: Out of the 200 patients who were assessed for eligibility, 54 met the inclusion criteria, so were randomly assigned into the three groups. Seven patients were excluded from the study, because the data of 24-hour Holter were incomplete. Three participants of the CTL group had non sinus rhythm, hence their data were excluded from analysis, too. Two patients withdrew consent for reasons unrelated to their clinical status (Figure 1 ). There was no drop out subjects during the exercise training period. During the study period, medication of subjects did not change. At the baseline, one way-ANOVA revealed that the three groups demonstrated no significant difference in age, weight, height, BMI, medical history, and medications (Table 1) . 
Hemodynamic and echocardiography:
The values of hemodynamic and echocardiography indices are displayed in table 2. No baseline difference was detected between the groups with regard to DBP, SBP, HRmax, HRrest, LVEF, EDV, ESV, LVEDD, and LVESD (P < 0.050 for all). Results of the one-way ANOVA indicated that DBP and SBP significantly decreased in LV-HIIT and MICT groups compared with CTL group (P < 0.010). Post-hoc analysis indicated that DBP had greater decrease in the LV-HIIT group compared with MICT group (P < 0.050). Moreover, changes of the SBP in LV-HIIT group had a greater decrease compared with MICT group (P < 0.050). At the end of intervention, HRmax significantly increased in exercise groups (P < 0.001). Post-hoc analysis indicated that change of HRmax in the LV-HIIT group had a greater increase compared with MICT group (P < 0.050). HRrest significantly decreased after 6-weeks exercise training (P < 0.010). Post-hoc analysis showed that change of HRrest in LV-HIIT group had a greater decrease compared with MICT group (P < 0.050). The result showed that LVEF increased after 6-weeks exercise training in both groups (P < 0.005). However, the post-hoc analysis showed that LVEF more significantly increased in LV-HIIT group compared with MICT group (P < 0.050). EDV and ESV after 6-weeks exercise training significantly increased and decreased, respectively. The post-hoc analysis demonstrated that LV-HIIT had a greater effect in increase and decrease of EDV and ESV, respectively (P < 0.010, P < 0.050). There was no significant difference in LVEDD and LVESD at the end of study.
Heart rate variability: Baseline and follow-up HRV data are shown in table 3. The results of oneway ANOVA showed that mean R-R interval following the 6-weeks intervention increased in both exercise groups (P < 0.010). Post-hoc analysis showed that mean R-R interval increased considerably in LV-HIIT and MICT groups compared with CTL group (P < 0.010). Paired t-test analysis of mean R-R interval in LV-HIIT and MICT groups was more than post-hoc test (P < 0.010). Furthermore, percent changes of mean R-R interval had a greater increase in LV-HIIT group compared with MICT group (P < 0.001) (Figure 2-A) . There was also a significant increase for SDRR after 6-weeks in both exercise groups (P < 0.010) ( Table 3 ). The paired t-test showed that SDRR increased in posttest of LV-HIIT (P < 0.010) and MICT (P < 0.050) groups compared with pretest. Although, percent change in SDRR increased after exercise intervention, percent change in LV-HIIT group more increased than MICT group (P < 0.001) (Figure 2-B) . RMSSD demonstrated a significant increase in both groups after 6-weeks intervention (P < 0.050). There was no significant difference for changes of RMSSD between LV-HIIT and MICT groups (Table 3 ). The percent change of RMSSD increased more profoundly in LV-HIIT group compared with CTL group (P = 0.050) (Figure 2-C) . The paired t-test showed that RMSSD increased in posttest of LV-HIIT and MICT (P < 0.050) groups compared with pretest. Similarly, there was a significantly increase in terms of HF after 6 weeks in both exercise groups (P < 0.010).
http://arya.mui.ac.ir 15 Nov. HF increased in the exercise groups compared with CTR group (P < 0.010). Post-hoc analysis showed a significant greater enhancement in the changes of HF in LV-HIIT group compared to MICT group (P < 0.010). In addition, the percent change of HF in LV-HIIT group increased more than MICT group (Figure 2-D) . The paired t-test showed that HF increased in posttest of LV-HIIT (P<0.010) and MICT (P<0.050) groups compared with pretest. After the 6-weeks exercise intervention, LF decreased in the exercise groups (P < 0.050). Post-hoc analysis revealed a significant increase in the changes and percent changes of LF in the LV-HIIT group compared with MICT group (P < 0.050) (Table 3, Figure 2 -E). The paired t-test showed that LF increased in posttest of LV-HIIT and MICT groups (P < 0.010) compared with pretest. The LF/HF ratio following exercise intervention significantly reduced in the exercise groups (P < 0.050). Post-hoc analysis showed that the percent change of LF/HF ratio significantly reduced in the LV-HIIT group compared to MICT group (P < 0.001) (Figure 2-F) . The paired t-test showed that SDRR increased in posttest of LV-HIIT and MICT groups (P < 0.050) compared with pretest. Coronary artery bypass grafting One-way ANOVA was used for evaluating difference between groups in percent changes. * P < 0.050 compared to CTL group; ** P < 0.010 compared to CTL group; *** P < 0.001 compared to CTL group; ### P < 0.001 compared to LV-HIIT group
Discussion
The findings of the present study indicate that a 6-weeks HIIT improves HRV in post-CABG men. To our knowledge, this study is the first to assess the effects of LV-HIIT protocol on HRVparameters in these patients. This study show that, compared with MICT and control, LV-HIIT induces a greater improvement in the time domain indices (i.e. SDRR and RMSSD) in patients with CABG. Standard deviation of all R-R intervals; RMSSD: Root mean square of difference between successive R-R intervals; LF: Lowfrequency power; HF: High-frequency power One-way ANOVA was used for evaluating difference between groups (post-hoc test). * P < 0.050 compared to CTL group; ** P < 0.010 compared to CTL group; # P < 0.050 compared to MICT group; ## P < 0.010 compared to MICT group HIIT also results in HF enhancement and decline of LF and LF/HF ratio power. Additionally, LVEF and hemodynamic indices (SBP and DBP) improved significantly among subjects in LV-HIIT group compared with those of participants in MICT and CTL groups.
There was a significant increase in LVEF after 6 weeks of exercise training in the exercise groups compared with the CTL group. The post-hoc analysis revealed that this significant increase in LV-HIIT group was greater than MICT group. Exercise training improved LVEF in cardiovascular disease, though the mechanisms are unclear. Improved EF-induced HIIT may be attributed to attenuation in pathological remodeling and increase in ventricular compliance. In addition, it is demonstrated that structural changes in the heart led to increased LVEF. 21 This study demonstrated that exercise training results in significant decrease in LVEDD and LVESD. It also revealed that the decrease of LVESD in LV-HIIT could cause greater increase of LVEF compared with MICT.
After HIIT training, HRrest significantly declined. These results are similar to those of other studies that have also reported aerobic exercise-induced bradycardia. 27 Although the mechanism of bradycardia induced by aerobic exercise is unclear, it seems that bradycardia-induced HIIT reflects a combination of reduced intrinsic heart rate, decreased sympathetic tone, and increased parasympathetic tone. 28 Katona et al. have demonstrated that endurance training in athletes and non-athletes leads to a reduction in intrinsic heart rate. 27 A previous study showed that 12 weeks of HIIT could decrease HRrest in healthy men. This indicates that HIIT may increase cardiac performance by increasing cardiac dilation during exercise in young subjects. It seems that, increase of EDV contributes to the increase of SV and decline of HRrest; however, the increase of SV induced-increased myocardial contractility at rest appears to be a more likely. 28 A previous study has demonstrated that different types of exercise training may improve HRV in patients with CAD. 29 One of the candidate beneficial mechanisms of exercise is effects of autonomic nervous system, with numerous studies indicating that parasympathetic function improves after aerobic exercise training. 20, 30, 31 In CAD, low HRV is a predictor of morbidity and mortality. According to Bilchick et al., the increase of 10 ms in SDRR was associated with 20% decrease in the risk of mortality. 32 Exercise training could prevent CVD mortality by increasing SDRR. The result of this study indicate that HIIT is effective in improving cardiac autonomic modulation. LV-HIIT leads to enhancement of SDRR, RMSSD, and HF. Conversely, it decreases LF and LF/HF ratio in post-CABG. It seems that LV-HIIT has a greater effect in patients with CAD. Previous studies have demonstrated that short intervals of HIIT had a higher mean intensity and extracted higher perceived exertion (RPE) which was associated with lower exercise session compliance for CVD. 22, 24 A research showed that optimized HIIT protocols were associated with lower mean VO2, lower ventilation, lower RPE, and higher exercise session compliance. Thus, HIIT with short intervals is well tolerated by patients with CAD, and leads to greater increase of VO2peak. 33 The reduction of HRrest in the patients after HIIT is directly correlated with vagal modulation, which was assessed through the increase in HF power. RMSSD increase in the exercise groups indicates a decline in sympathetic nervous activity, and a potential mechanistic shift toward increased vagal activity. The mechanisms by which exercise training improves cardiac autonomic modulation and HRV is not fully understood. Nevertheless, studies have shown that HIIT could lead to decrease in catecholamine levels, beta-adrenergic receptor density, and angiotensin II. On the contrary, it may increase nitric oxide (NO) bioavailability and potential mediators which improve cardiac autonomic modulation induced by exercise training. 34, 35 A reduction of angiotensin II levels after exercise training is an important mechanism that contributes to increasing parasympathetic activity. Angiotensin II is a peptide that increases sympathetic outflow, and inhibits cardiac vagal activity. 36 The results of one study demonstrated that angiotensin II levels declined significantly in animal models undergoing HIIT. 37 Additionally, another study has shown that, after HIIT, reninangiotensin system (RAS) activity in mice is lowered by reduced expression of angiotensin-convertorenzyme activity, angiotensin receptors, and renin. 38 Nevertheless, another study has recently shown that aerobic exercise training improves cardiac autonomic modulation in patients with hypertension, irrespective of angiotensin-converting enzyme inhibitor treatment. 39 Thus, it seems that exercise training contributes to cardiac autonomic modulation via other potential mechanisms such as NO bioavailability. NO may have indirect effect on inhibiting sympathetic influences, and play a role in increasing cardiac vagal tone. 40 NO bioavailability by induced exercise training, particularly HIIT, improves endothelial function in patients with CAD. 21, 41 Moreover, animal and human studies have revealed that the increase of NO expression is associated with increases in vagal activity. 40, 41 The effect of HIIT on NO bioavailability in patients with CAD may be due to the increase of apelin, expression, and phosphorylation of endothelial NO synthase, and the decrease of NO degradation. 42 However, Wisloff et al. have shown that HIIT causes fluctuation between high and low intensities, extracts a higher shear stress in patients, and triggers larger responses at the cellular and molecular level. Additionally, HIIT reduces the amount of reactive oxygen species, and increases the activity of superoxide dismutase and glutathione peroxidase. 21 However, we showed that HIIT enhanced HRV by increasing HF, SDRR, and RMSSD, as well as reducing LF and LF/HF ratio. The mechanism underlying these effects are not clear. Nonetheless, it was demonstrated that improvement of HRV in LV-HIIT subjects may maintain the subjects in greater time of exercise at a high percentage of VO2peak.
Finally, several limitations of this study need to be emphasized. First, we worked on a relatively small sample size that only included men patients. Second, O2 consumption of patients was not measured. The effect of HIIT on autonomic nervous system outcomes for sympathetic nerve activity could be characterized by using direct nerve recording. However, there are surrogate markers for neurohumoral modulation, such as reninangiotensin system activity and NO bioavailability, which were not measured in this study. We used an ambulatory 24-hour Holter for HRV recording. This does not allow to control common factors (e.g. posture, breathing frequency, and tidal volume) known to affect HRV.
Conclusion
We investigated the effect of 6 weeks of LV-HIIT and MICT on HRV and some other echocardiographic and hemodynamic indices in post-CABG men. Our results suggest that mean R-R intervals, SDRR, RMSSD, and HF power in LV-HIIT has a greater increase than MICT. Additionally, LF and LF/HF ratio decreases more in LV-HIIT than MICT.
